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ABSTRACT 
According to the World Health Organization (WHO), more than 2 billion people in the world suffer from 
hepatopathy. Medicine-induced liver injury presents 12.8 to 14.0% of all adverse reactions to medicinal 
products.  
Paracetamol (latin Paracetamolum) is one of the most commonly used analgesics, which is on the WHO 
Essential Medicines List. Paracetamol-induced liver toxicity is associated with accumulation of its toxic 
metabolite N-acetyl-p-benzoquinone imine (NAPQI) that is a free radical enhancing lipid peroxidation, 
disturbing the energy state and causing death of hepatocytes. 
Nowadays, the problem of effective therapy of liver disease has yet to be resolved and it determines the 
relevance of searching for or creating new effective remedies. Speaking from this perspective, the medicinal 
plant walnut (Juglans regia L.) attracts attention because it is a promising object for creation of new 
gastroprotective remedies with hepatoprotective action.  
The study of hepatoprotective action of SAAE 30 (spissum aqueous alcoholic extract) was conducted on the 
model of acute Paracetamol-induced liver injury (Paracetamol Darnitsa Tablets 500 mg No. 10). As a 
reference substance, the medicinal product Legalon 70 was used.  
The results of the study revealed that application of SAAE 30 optimized a potential increase in the activity of 
antioxidant liver protection, as evidenced by a 3.3 times increase in content of reduced glutathione (RG) with 
regard to animals with hepatitis. Growth of antioxidant protection affected by SAAE 30 provided inhibition of 
lipid peroxidation intensity, thus the content of TBA-reactants decreased by 1.7 times (p <0.05).  
The investigated extract showed a potential anticytolytic activity: ALT activity decreased significantly by 1.6 
and 1.8 times, respectively. Under the influence of SAAE 30, glycogen content returned to normal and reached 
the same level as in intact animals. Application of SAAE 30 contributed to a 1.4 times reduction of cholesterol 
content in bile, along with 1.2 times increase of bile acids level and 1.4 times decrease of AP activity. 
As affected by SAAE 30, there was a 1.7 times increase of cholesterol-cholate ratio (CCR) with regard to the 
group of model pathology and a significant increase of bile secretion rate by 1.35. 
Conclusion: The stated results show that in the presence of paracetamol-induced toxic hepatitis, SAAE 30 
contributes to an increase in antioxidant liver protection, normalizes the glycogen-synthetic, chole-excretion 
and cholate-forming abilities of the organ and has a positive effect on the regulation of lipid metabolism. 
Thus, under the conditions of oxidative stress of the hepatobiliary system, SAAE 30 shows a pronounced 
hepatoprotective effect, which is equated with the effect of silymarin-containing hepatoprotector Legalon 70. 
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INTRODUCTION 
Hepatopathy holds a prominent place among digestive system diseases. According to the World Health 
Organization (WHO), more than 2 billion people in the world suffer from hepatopathy, that is 100 times higher than 
the prevalence of HIV-infection; from 500 thousand to 1 million patients are registered annually in the countries of 
the Commonwealth of Independent States. In Ukraine, the prevalence of hepatopathy increased by 20.1% over the 
past 10 years [1-5]. 
Hepatobiliary system dysfunction, especially liver dysfunction, is the most often result of the effect of 
aggressive compounds. These include the effects of poisons, bacterial and viral damage, free radicals. In addition, 
the hepatobiliary system can suffer because of hormonal and metabolic disorders, poor nutrition, alcohol, stress, etc. 
[6]. 
To date, the most dominant problem is application of numerous medicines for successful treatment of many 
diseases, which along with high efficiency have a number of side effects, in particular hepatotoxicity. Medicine-
induced liver injury presents 12.8 to 14.0% of all adverse reactions to medicinal products. In contrast to the lungs 
and kidneys, which also suffer from toxic effects of intravenous and oral medicines, hepatopathy in most cases is 
caused by enteral administration, due to the peculiarities of blood supply and metabolism of medicinal products in 
liver [7-12]. 
Paracetamol (latin Paracetamolum) is one of the most commonly used analgesics, which is on the WHO 
Essential Medicines List. It is widely used as a monotherapy and in combination with other groups of medicines. For 
example, it is known that when paracetamol is used in combination with weak opioid (such as codeine), its 
effectiveness rises in about 50% of people, but the number of side effects increases too [13]. Paracetamol-induced 
liver toxicity is associated with accumulation of its toxic metabolite N-acetyl-p-benzoquinone imine (NAPQI) that is 
a free radical enhancing lipid peroxidation, disturbing the energy state and causing death of hepatocytes [14-19]. 
Nowadays, Acetaminophen (APAP) is a major cause of acute liver failure in the western world [20-21]. 
Despite a considerable progress of modern hepatology and a rather wide range of hepatoprotective agents, 
there is an increase in various damage of the biliary tract and a tendency to chronicity and prolonged, lingering 
course, therefore the problem of effective therapy of liver diseases remains unresolved. It determines the relevance 
of searching for or creating new effective remedies. Speaking from this perspective, the medicinal plant walnut 
(Juglans regia L.) attracts attention, since it has long been used in folk medicine as an effective remedy with 
gastroprotective, antioxidant, sugar-lowering, antiproliferative, antimicrobial, anti-inflammatory, reparative, 
astringent, hemostatic, antiproliferative action [22-26]. Based on the above, walnut is a promising object for creation 
of new gastroprotective remedies with hepatoprotective action. 
The purpose of the research is to study hepatoprotective activity of a spissum aqueous alcoholic extract (ethyl 
alcohol 30%) from immature walnut in paracetamol-induced experimental hepatitis in rats. 
 
EXPERIMENTAL MATERIALS AND METHODS 
The study of hepatoprotective action of SAAE 30 was conducted on the model of acute paracetamol-induced liver 
injury (Paracetamol Darnitsa Tablets 500 mg No. 10). 
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24 white non-pedigree male rats weighing 200-220 g were used, which were kept under standard vivarium 
conditions.  
Acute toxic hepatitis was caused by a single oral administration of paracetamol at a dose of 1250 g/100 g of body 
weight of animals in the form of a suspension on 2% starch paste for 2 days [27]. The animals were divided into 4 
groups of 8 animals: the first one - intact control; the second one was a group of model pathology, where only 
paracetamol suspension was administered to rats. The animals of the third group, against toxin administration, 
received SAAE 30 intragastrically in arbitrary effective dose of 25 mg/kg established in accordance with 
antiulcerogenic action. Animals of the fourth group received the reference substance - silymarin-containing 
antioxidative hepatoprotector Legalon 70 (MADAUS GmbH) at a dose of 30 mg/kg (ED30). SAAE 30 and the 
reference substance were administered daily in preventive mode for 5 days and on the days of paracetamol 
administration - 1 hour before and 2 hours after its administration. 20 hours after the last paracetamol administration 
in animals, the processes of bile secretion and biliation were studied in the animals, thereafter the animals were 
decapitated, blood was taken and liver homogenate was prepared for biochemical studies. 
In order to describe the effect of SAAE 30 on lipid peroxidation/antioxidant system, the intensity of the lipid 
peroxidation in the liver was measured by the level of TBA-reactants in the organ homogenate [28]. Determination 
of the RG level in the liver homogenate [29-30] allowed characterizing the functional state of the antioxidant system 
of the animal organism. The activity of cytolytic processes was determined by the level of ALT cytolysis marker in 
the blood serum [31]. In order to evaluate the activity of biligenic and biliary organ function, the rate of bile 
secretion, content of bile acids and cholesterol in bile were determined [32]. Severity of cholestasis was evaluated by 
AP activity, and the state of metabolic processes- by glycogen level in the liver, glucose level, total lipids, 
cholesterol and total protein in the blood serum [33]. The liver weight index (LWI) was also evaluated, which 
characterizes the intensity of the inflammatory process in the organ [34]. 
RESULTS AND DISCUSSION 
According to the results of previous studies, the ability of SAAE 30 to suppress the intensity of lipid 
peroxidation and activate antioxidant protection of rats in acute alcohol-prednisolone ulcer associated with NSIAD-
induced gastropathies was determined [35-37]. That is why it was practical to assess the effect of SAAE 30 on 
hepatibiliar system condition under the circumstances of acute oxidative stress of the liver caused by paracetamol 
administration, the pathologic behaviour whereof includes the decrease of antioxidant protection and escalation of 
lipid peroxidation processes against this background [38]. Paracetamol belongs to classical membranotropic toxins. 
As a result of its metabolism, a highly active N-para-benzoquinonine radical is formed which, firstly, binds to 
endogenous reduced glutathione and causes its depletion, and, secondly, induces free radical oxidation processes by 
interacting with the structural components of the membranes and leading to a damage to their integrity and function, 
and the organ as a whole [38]. 
Paracetamol administration led to the development of pathological disorders in the liver, as evidenced by 
strengthening of lipid peroxidation processes and decrease in antioxidant system activity of the body. The content of 
TBA-reactants in the liver homogenate in animals from the group of model pathology increased by 1.4 times (p 
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<0,05), and the level of reduced glutathione decreased by 3 times (p <0,05) as compared to indicators of intact 
animals (Table 1). It is against this background that activation of cytolytic processes was observed, as evidenced by 
2,6 times increase (р<0,05) of ALT activity in the blood serum of animals from the group of model pathology. 
Damage to the structure of cell membranes and the activity of membrane-bound enzymes led to a decrease in the 
synthetic function of the organ, as evidenced by the tendency to reduction of the glycogen content by 1,2 times 
(Table 1). 
A potential increase of LWI by 1.9 times in the group of model pathology indicates the development of alternative 
processes and oedema of the organ as a result of increased lipid peroxidation processes (Table 1). 
Table 1. Effect of SAAE 30 on the liver condition indicators in the presence of acute paracetamol-induced hepatitis in rats, n=8 
Test conditions LWI, % ALT, mmol/l TBA-radicals of 
liver, mmol/g 
RG in liver,  
µmol/g  
Liver glycogen, 
mg/g 
Intact control 2,88 ± 0,13 1,31 ± 0,15 76,28 ± 7,41 2,98 ± 0,16 25,40 ± 2,45 
Model pathology 5,68 ± 0,11
*
 3,35 ± 0,21
*
 106,62 ± 9,78
*
 0,94 ± 0,20
*
 21,75 ± 2,39
Т*
 
SAAE 30,  
25 mg/kg 
4,50 ± 
0,18
*/**
 
2,06 ± 0,06
*/**
 62,82 ± 4,71
**
 3,12 ± 0,88
**
 24,15 ± 2,61
**
 
Legalon 70, 30 
mg/kg 
4,29 ± 
0,16
*/**
 
1,89 ± 0,11
*/**
 55,61 ± 17,66
*
 4,00 ± 0,42
**
 24,21 ± 1,91
**
 
Notes:  
*
Statistical deviations to intact control, р<0.05;  
**
Statistical deviations to control pathology, р<0.05; 
*Т–deviations tending to certainty 0.1<р<0.05; 
n–Number of animals in the group 
In connection with activation of lipid peroxidation processes, the most peculiar function of the liver - biligenic and 
biliary – were impaired in the group of model pathology (Table 2). 
Table 2. Effect of SAAE 30 on exocrine function of the liver in the presence of acute paracetamol-induced hepatitis in rats, n=6 
Test conditions Bile secretion 
rate,  
mg/min/100 g 
Bile acid mg/100 Bile cholesterol, 
mg/100 
CCR AP U/l 
Intact control 4,910,45 842,336,3 49,603,15 17,00 120,0312,4 
Model pathology 2,730,39* 538,211,3* 90,0810,08* 6,00 190,8514,2* 
SAAE 30,  
25 mg/kg 
3,690,18** 670,118,3** 65,435,37** 10,24 
140,398,9** 
Legalon 70, 30 
mg/kg 
4,460,38** 744,328,2** 55,885,13** 13,32 
143,679,8** 
Notes:  
*
Statistical deviations to intact control, р<0,05;  
**
Statistical deviations to control pathology, р<0,05;  
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n– Number of animals in the group. 
In response to a decrease of bile secretion rate by 1.8 times (p <0.05), there was a 1.6 times reduction of the 
bile acid content (p <0.05) and an increase of AP activity by 59% (p <0.05) in animals with hepatitis with regard to 
intact control, the fact whereof points at the development of cholestasis syndrome. CCR also decreased, as the 
cholesterol content in the bile of animals from the group of model pathology increased by 1.8 times against a 
significant reduction of the bile acid concentration. 
Acute paracetamol intoxication did not lead to significant impairment of metabolic processes. Glucose and total 
protein content was the same as in intact animals. There was a slight increase in the level of total lipids and 
cholesterol by 1.2 times. The foregoing indicates that under acute two-day intoxication with paracetamol, there is no 
disturbance of metabolic and, in particular, protein synthesis processes (Table 3). 
Table 3. Effect of SAAE 30 on lipid and protein metabolism in the presence of acute paracetamol-induced hepatitis in rats, n=8 
Test conditions Glucose  
mmol/L 
Total lipids, 
g/L 
Cholesterol,  
mmol/ L 
Total protein,  
g/L 
Intact control 5,5 ± 0,21 3,15 ± 0,26 1,25 ± 0,28 80,5 ± 1,6 
Control pathology 5,6 ± 0,13 3,69 ± 0,13
Т*
 1,51 ± 0,17
Т*
 78,3 ± 2,1
*
 
Pathology + 
SAAE 30,  
25 mg/kg 
5,57 ± 0,21 3,14 ± 0,14
**
 1,28 ± 0,14
**
 79,8 ± 1,5
**
 
Pathology + 
Legalon 70,  
30 mg/kg 
5,41 ± 0,18 3,38 ± 0,08 1,27 ± 0,16
**
 82,3 ± 1,2
**
 
Notes:  
*
Statistical deviations to intact control, р<0,05;  
**
Statistical deviations to control pathology, р<0,05;  
n– Number of animals in the group. 
Application of SAAE 30 optimized a potential increase in the activity of antioxidant liver protection, as 
evidenced by a 3.3 times increase in content of reduced glutathione with regard to animals with hepatitis (Table 1). 
Growth of antioxidant protection affected by SAAE 30 provided inhibition of lipid peroxidation intensity, thus the 
content of TBA-reactants decreased by 1.7 times (p <0.05). Administration of the reference substance silymarin-
containing hepatoprotector Legalon 70 also contributed to an increase of RG content by 4,2 times (р<0,05) and 
reduction of TBA-reactants by 1,9 times (р<0,05) (Table 2). 
Increase of the content of TBC-reactants and decrease of reduced glutathione level in the liver homogenate in 
animals from the group of model pathology points at a failure of antioxidant protection of the organ and, as a result 
of the toxic effect of paracetamol metabolites, there is an increase of lipid peroxidation, which leads to an increase in 
cytolytic processes. Glycogen-synthetic function of the body did not suffer significant changes in the presence of 
pathology. 
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The investigated extract and reference substance revealed a potentially anticytolytic activity: ALT activity 
statistically decreased by 1.6 and 1.8 times, respectively. Under the influence of SAAE 30 and Legallon 70, 
glycogen content returned to normal and reached the same level as in intact animals. Reduction of LWI also 
indicates normalization of the liver function under the influence of the investigated products: LWI rates were 
significantly lower than in the group of animals with hepatitis, but did not reach the level of the intact animals 
(Table 1). 
Application of SAAE 30 contributed to a 1.4 times reduction of cholesterol content in bile, along with 1.2 
time’s increase of bile acids level and 1.4 times decrease of AP activity, indicating improvement of cholate synthetic 
function of the liver and reduction of cholestasis against extract administration. 1.7 times increase of CCR with 
regard to the group of model pathology shows a reduction of lithogenic properties of bile, which also reflects the 
restoration of the process of cholate formation from cholesterol. The reference substance worked at the level of the 
studied SAAE 30 (Table 2).  
As affected by SAAE 30, there was a statistical increase of bile secretion rate by 1.35 and 1.6 times, 
respectively, indicating an improvement in bile-excretion function of the organ under investigated medicines. The 
reference substance increased this index 1.2 times more pointedly than SAAE 30 did, but these differences were not 
statistical (Table 2). 
The analysis of the indicators describing the condition of metabolic processes in the animal organism, caused by the 
functional state of the liver, showed that under the influence of SAAE 30 there was a pronounced statistical 
normalization of the content of total lipids and cholesterol in the blood serum of animals. SAAE 30 did not affect the 
content of glucose and total protein (Table 3). Legalon 70 showed an effect similar to that of SAAE 30 in regulating 
metabolic processes in the liver. 
CONCLUSION 
The stated results show that in the presence of paracetamol-induced toxic hepatitis, SAAE 30 contributes to an 
increase in antioxidant liver protection, normalizes the glycogen-synthetic, chole-excretion and cholate-forming 
abilities of the organ and has a positive effect on the regulation of lipid metabolism. 
Thus, under the conditions of oxidative stress of the hepatobiliary system, SAAE 30 shows a pronounced 
hepatoprotective effect, which is equated with the effect of silymarin-containing hepatoprotector Legalon 70. 
Obtained results prove a promising outlook of application of SAAE 30 as a hepatoprotector, as well as its 
effectiveness in combined pathologies of gastrointestinal tract: stomach ulcer and hepatitis. 
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